Seeding turf-type buffalograss [Such/oe dacty/oides, (Nutt.) Engelm.] at the correct time of year may result in reduced weed interference and complete buffalograss cover in one season. Research was conducted to identify optimal seeding date( s) for buffalograss, determine the relationship between growing degree days (GOD) and buffalograss establishment, and determine the effects of weed interference on buffalograss establishment. 'Cody' and 'Texoka' buffalograss were seeded at 5 g burs/m 2 from April through October in 1995 at the John Seaton Anderson Turfgrass Research Facility near Ithaca, Nebraska and at the Greenville Research Farm at Logan, Utah. Percent buffalograss and weed cover were rated visually on a 0 to 100% scale in 1995 and 1996. Buffalograss plants were counted by tossing a grid of known area into the plot and counting the number of plants in the grid. Accumulated GOD were calculated using 5°C as a base temperature.
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INTRODUCTION
Buffalograss [Buch/oe dacty/oides (Nutt.) Engelm.] is a warm season perennial grass native to the Great Plains of North America (Wenger, 1943) .
Buffalograss has recently received attention because of its drought tolerance and characterization as a minimal maintenance turfgrass that requires less water, fertilization, and mowing than traditional turfgrasses (Pozarnsky, 1983; Riordan, 1991; Wu and Harivandi, 1989) . Turfgrass industry interests in water conservation and reduced chemical inputs have encouraged breeding efforts to develop turf-type cultivars of buffalograss (Riordan, 1991) .
Currently available turf-type buffalograss can be established via sod, vegetative plugs, or seed. Seeding buffalograss is a popular choice because of it's relatively low initial cost and ease of planting (Fry, 1995) .
Historically, establishing buffalograss from seed has been a difficult process due to poor germination and weed competition (Beetle, 1950; Falkenberg, 1982; Wenger, 1943) . A soaking and chilling treatment of buffalograss burs with potassium nitrate before planting reduces seed dormancy and thereby, improves seed germination (Wenger, 1943) . Fry et al. (1993) , concluded that further soaking of buffalograss burs in water before planting had little benefit in reducing the time to complete buffalograss coverage.
Identification of the optimal seeding date( s) to avoid weed competition would reduce the time required to successfully establish seeded buffalograss. Falkenberg (1982) studied buffalograss establishment on three dates in Colorado. May, July, and September seeding dates were tested with the late May seeding producing the best overall growth (Falkenberg, 1982) . Fry et al. (1993) found buffalograss seeded in June or July provided the shortest time to complete coverage in comparison to April, May, and August seedings. Both Falkenberg (1982) and Fry et al. (1993) used herbicides either at seeding or following seeding to control weeds during the establishment period.
Research was initiated in 1995 to determine date of planting effects on seeded buffalograss. Seven planting dates were investigated at the John Seaton Anderson Turfgrass Research Facility near Ithaca, Nebraska and at the Greenville Research Farm at Logan, Utah. The objectives of this research were to identify the optimal seeding date(s) for buffalograss, determine the relationship between growing degree days (GDD) and buffalograss establishment, and determine the effects of weed interference on buffalograss establishment.
LITERATURE REVIEW
Buffalograss is a low growing, drought resistant, stoloniferous, perennial grass native to the Great Plains of North America (Wenger, 1943) . Fossilized seed structure collected from the Kansas prairie indicates buffalograss existed 5 to 7 million years ago (Wu and Harivandi, 1989) . Buffalograss likely survived the ice ages of the Pleistocene in Mexico and extended its range north upon completion of the ice ages (Beetle, 1950) . Buffalograss was given its common name by the hunters and trappers of the Great Plains who observed the large herds of bison (Bison bison) grazing on this particular grass (Engelman, 1859).
Buffalograss has been used for a variety of different purposes for many years. Early settlers to the Great Plains used the dense sod forming characteristics of buffalograss to build sod homes (Beard, 1973; Savage, 1934) . Beetle (1950) (Beard, 1973; Savage, 1934) .
Concerns regarding water conservation and chemical applications to turfgrass have renewed interest in using buffalograss as a turfgrass.
Buffalograss has received attention because of its drought tolerance and characterization as a minimal maintenance turfgrass that requires less water, fertilization, and mowing than traditional turfgrasses (Pozarnsky, 1983; Riordan, 1991; Wu and Harivandi, 1989) . Cooperative funding from several sources including the United States Golf Association and the Golf Course Superintendents Association of America have stimulated development of new turf-type cultivars of buffalograss (Riordan, 1991) . The new turf-type buffalograsses are being used on lawns, golf courses, around public buildings, and for erosion control along highways (Cline, 1994; Falkenberg-Borland and Butler, 1982; Fry, 1995; Wu and Harivandi, 1989) .
BuffaloQrass Description
Buffalograss is a low growing, drought resistant, minimal maintenance grass which spreads via stolons (Nuland et aI., 1981; Falkenberg-Borland and Butler, 1982) . Buffalograss is a warm season (C4) grass native to the subhumid and semiarid regions of the Great Plains (Beard, 1973) . In addition to exceptional drought tolerance, buffalograss is heat resistant and exhibits good cold tolerance (Beard, 1973; Beetle, 1950; Savage, 1933; Wenger, 1943) .
Buffalograss lacks shade tolerance and in areas of high precipitation buffalograss is shaded by taller grasses and has difficulty in competing (Beard, 1973; Beetle, 1950; Wenger, 1943; Harivandi and Wu, 1995) .
Buffalograss is a dioecious species with male and female inflorescences occurring on separate plants (Beard, 1973; deShazer et aI., 1992) . The male plant has staminate inflorescence extending several inches above the leaf canopy. The female plant has pistillate inflorescence in the form of burs within the turfgrass canopy (deShazer et aI., 1992). The burs contain from one to several seeds (deShazer et aI., 1992; Fry, 1995; Quinn and Engel, 1986) .
Female buffalograss plants are often preferred over male plants because the brown spikelets of the male plants detract from the uniformity and green appearance of the turfgrass (Beard, 1973; Savage, 1933; Wenger, 1943) .
Buffalograss is renowned for exceptional drought tolerance. Low growth habit, finely branched root system, leaf curling and ability to enter quiescence when water is limiting enable buffalograss to survive the dry periods common to the Great Plains (Savage and Jacobson, 1935) . In regard to drought tolerance, Kim and Beard (1988) found buffalograss to have a low evapotranspiration rate when compared to other warm season turfgrasses. The low evapotranspiration rate was attributed to buffalograss having pubescent leaves, low leaf area, and narrow leaves (Kim and Beard, 1988) .
Buffalograss has a stoloniferous growth habit which allows it to develop a moderately dense sod capable of withstanding heavy use (Wenger, 1943) .
Buffalograss is a low growing plant with growth generally between 10 and 15 em tall (Hoover et aI., 1948) . When buffalograss stolons are lifted from the ground they seem to possess a built in spring that returns them to the ground to root (Savage, 1934) . Buffalograss has short, flat leaves less than 0.3 cm wide and 7
to 15 em long (Hoover et ai, 1948) . Some cultivars of buffalograss are covered 6 with fine hairs that impart a grayish-green color to the grass ( Wenger, 1943) .
The leaves of buffalograss turn a purplish color and eventually to a light brown straw color when the plant is under stress (Wenger, 1943) . Stress from drought or cool temperatures can cause buffalograss to enter quiescence and lose its gray-green color.
Buffalograss seed is enclosed in hard burs. Each bur contains from one to five seeds (Quinn and Engel, 1986) . The thick bur helps insure that the seed germinates when the soil is significantly moist, thereby providing the seed with the best chance for survival and successful establishment (Wenger, 1943) .
Another hypothesis explaining the enclosure of seed in a thick bur is to enable the seed to be distributed by buffalo. The "Foliage is the Fruit" (FF) hypothesis as explained by Quinn et al. (1994) suggests that the nutritive qualities of buffalograss attracted large herbivores to graze on the grass. The buffalograss burs would be ingested during grazing and would pass through the animal in one to five days (Quinn et aI., 1994) . Quinn et al. (1994) conducted studies with cattle that showed passage of buffalograss burs through cattle had a positive effect on germination. The FF hypothesis provides, in part, explanation for the ability of buffalograss to extend it's distribution across the Great Plains despite poor germination rates.
Buffalograss seed germinates easily when extracted from the bur, but when contained in the bur germination is slow and difficult. Ahring and Todd (1977) studied the bur enclosure of buffalograss and found that the bur restricted water movement to the seed and also contained oils which inhibited seed germination. Ahring and Todd (1977) also noted that buffalograss burs displayed a positive germination response to increased drying temperatures.
The results from Ahring and Todd (1977) would support the common recommendation of not seeding buffalograss until soil temperatures reach 15°C
(deShazer et aI., 1992).
Historically, establishing buffalograss from seed has been a long and difficult process (Beetle, 1950; Falkenberg, 1982; Wenger, 1943) . Beetle (1950) reported buffalograss seed has dormancy lasting up to ten years and Lowe (1940) reported seed found in the walls of sod houses 25 years old was still viable.
Many different methods have been tried to increase the germination of buffalograss seed. Weathering, storage, mechanical scarification, and sulfuric acid were tested to improve germination (Wenger, 1943) . The best method to improve germination is a soaking and chilling treatment with potassium nitrate.
The soaking and chilling treatment is commonly referred to as the Hays treatment. Wenger (1943) recommended the Hays treatment when seed has germination less than 40%. The Hays process has been reported to improve seed germination to a minimum of 75% of the seed's germination capacity (Wenger, 1943) . Currently most commercially available buffalograss seed is pre-treated using the Hays treatment and the treated seed has acceptable germination rates. Wenger (1941 ) found that soaking buffalograss seed in tap water for two to four days resulted in improved germination rates. Fry et al. (1993) investigated the effects on establishment of soaking treated buffalograss seed in water before planting. Although soaking seed in water improved germination, the time to complete buffalograss coverage was at most only one week less than for unsoaked seed. Therefore, Fry et al. (1993) concluded that additional soaking of treated buffalograss seed was unnecessary.
BuffaloQrass Distribution
Buffalograss is rarely found in pure stands on the plains and is normally found in a mixture with blue grama and sideoats grama [Boute/oua curtipendu/a (Michx.) Torr.] (Savage, 1934; Wenger 1943) . Buffalograss is particularly adapted to the subhumid and semiarid regions of the Great Plains (Beard, 1973 Oklahoma (Beetle, 1950; Savage, 1934; Wenger, 1943) (Figure 1) .
. ,
WyQ
. : COLO. Buffalograss is distributed across the Great Plains according to soil and climatic factors. Optimum precipitation for buffalograss is between 31 and 64 cm and the reported maximum altitude where buffalograss is found naturally is 2000 meters (Beetle, 1950; Savage 1934) . Generally rainfall exceeding 50 cm will favor taller grasses at the expense of buffalograss (Wenger, 1943) . During dry years buffalograss is favored over taller grasses which can result in a dynamic eastern boundary of buffalograss distribution.
Buffalograss is adapted to heavy soils and generally does not grow well on sandy soils, except sandy loam soils which contain a significant amount of clay (Beetle, 1950; Savage 1934; Wenger 1943) .
BuffaloQrass Establishment
Buffalograss can be established from seed,~egetative plugs, or sod. In the past, establishing buffalograss from seed was a long and difficult process due to seed dormancy and weed competition (Beetle, 1950) . Pre-treatment of seed with the Hays treatment and improved herbicide technology have increased the success of establishing buffalograss from seed. Beard (1973) lists the main factors to be considered when determining optimal planting date as: duration of favorable soil and moisture conditions, level of weed competition, anticipated disease and insect incidence, and germination characteristics.
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One of the most critical factors to be considered when establishing grasses is adequate soil moisture (Fults, 1944; Hyder et aI., 1971; Lawrence et aI., 1990) . Soil moisture is essential to enable the seedling to develop an adequate root system. Warm season plants fit the model of panicoid seedling establishment (Hoshikawa, 1969) . Panicoid plants have a short coleoptile and an elongated subcoleoptile internode (Hyder, 1971) . The short coleoptile results in the source of adventitious root development to be above the seed and near the soil surface (Newman and Moser, 1988 ) ( Figure 2 ). Because the primary root system of seedlings survive only a short time, it is essential an adventitious root system is developed to ensure seedling survival (Hyder et aI., 1971) .
Therefore, moist soil near the surface is essential for developing the adventitious root system which is critical to successful establishment. Although buffalograss has panicoid seedling development, it is not as susceptible to seedling failure as other warm-season grasses such as blue grama (Wenger, 1943) . By protecting the seed from desiccation the buffalograss bur enables the seed to survive on the soil surface when moisture is limiting. The buffalograss bur ensures the seed only germinates when moisture is available, thereby facilitating root development and establishment.
Buffalograss seed germinates when soil temperatures reach 15°C (deShazer et. ai, 1992) . Germination generally coincides with the average date of the last killing frost in the spring (Beetle, 1950; Wenger, 1943) . The recommended seeding rate for buffalograss is 5-10 g burs/m (Newman and Moser, 1988) should be planted at a depth of 6-12 mm (deShazer et aI., 1992; Leuthold et aI., 1991) . Early planting dates have been reported to be between 10 and 20 April around the area of Hays, Kansas (Wenger, 1943) and after 15 May in eastern Nebraska (deShazer et. ai, 1992) . Seeding in the spring allows buffalograss to use the moisture from spring rains during establishment, while seedings in the summer generally require irrigation to insure successful establishment (Leuthold et aI., 1991) .
One of the problems continually faced when establishing seeded buffalograss is weed competition (Falkenberg-Borland and Butler, 1982) .
Buffalograss seed, even when treated with the Hays treatment, is slow to germinate and the delayed time from seeding to emergence allows weeds to gain an advantage in the seedbed. Seeding buffalograss when weed interference is minimal would improve the level of buffalograss cover achieved in one year. Because weed interference from broadleaf and annual grassy weeds is heaviest in the spring, many cool season turfgrasses are established during the fall (Beard, 1973) . Fults (1944) reported the best buffalograss stands were achieved by fall seedings which germinated the following spring. Falkenberg (1982) studied establishment on three dates in Colorado.
May, July, and September seeding dates were tested with the late May seeding producing the best overall growth (Falkenberg, 1982) . Falkenberg noted that buffalograss seeded in September had poor growth the first year but in the second season acceptable buffalograss coverage was achieved despite initial heavy weed pressure and winter damage to seedlings (Falkenberg, 1982) . In Kansas, Fry et. al (1993) found buffalograss seeded in June or July provided the shortest time to complete coverage in comparison to the April, May, and August seedings. However, at the Kansas site seeding dates between mid-April and mid-July had greater than 95% buffalograss coverage in one year. August seedings had buffalograss coverage less than 25% due to the short time between seeding and the first frost (Fry et. ai, 1993) .
Growinc Decree Days
The heat unit concept has been in use for over two centuries and presents a practical model for analyzing relationships between temperatures and plant growth (Wang, 1960) . Although subject to criticism for the many different approaches to calculating degree days, the concept and application to agronomic situations is popular (Pruess, 1983) . GDD have been used as a method to measure maturity in corn (Zea mays L.) and oat (Avena sativa L.) (Andrewet aI., 1956; Gilmore and Rogers, 1958; Wiggins, 1956 (Danneberger and Vargas, 1984; Danneberger et aI., 1987; Fidanza et al. 1996) .
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One of the most commonly used methods for calculating GOD is the mean-minus-base method. GOD are calculated by subtracting the base temperature, a species specific temperature below which plant growth effectively ceases, from the average daily temperature (Gilmore and Rogers, 1958; Pruess, 1983) .
Many different base temperatures have been used to compute GOD (Unruh et aI., 1996) . Commonly used base temperatures for calculating GOD are either 4.5°C for cool-season crops or 10°C for warm-season crops (Pruess, 1983) . In the past 10°C has been used when calculating GOO for buffalograss (Giese, 1994) . Unruh et al. (1996) reported the basal growth temperature of buffalograss to be not significantly different from 5°C.
MATERIALS AND METHODS
Buffalograss was seeded on seven dates in 1995 at the John Seaton yields in comparison to most commercial lots of buffalograss and is suited for use as a forage grass on rangelands and as a minimal maintenance turfgrass (Voigt et aI., 1974) . Cody is a seeded turf-type buffalograss which possesses a blue-green color and is shorter than Texoka (Klingenberg and Riordan, 1995) .
The soil type at Nebraska was a Sharpsburg silty clay loam (fine, montmorillonitic, messic Typic Argiudoll) and the soil type at Utah was a Millville silt loam (coarse-silty, carbonatic, mesic Typic Haploxepolls).
Prior to the April planting the seedbed was tilled to a depth of 15 em and smoothed with a cultipacker. Before subsequent seedings each plot was hand weeded and the soil was tilled with a hand rake and hoe. Buffalograss burs were pre-treated using the Hays treatment and seeded at 10 g burs/m 2 in a 2.2 m 2 plot. Starter fertilizer (19N-26P-5K) was applied at 5 g N/m 2 at seeding.
Buffalograss burs and fertilizer were incorporated into the soil to a depth of 1 cm using a leaf rake. Irrigation was applied daily the first week after seeding, every other day the second week, and every third day the third week after seeding.
Irrigation amounts were dependent on soil conditions and natural precipitation, but generally ranged from 0.6 to 1.3 cm for each day irrigation was applied.
Plots were mowed at 6.4 cm when the buffalograss exceeded 6.4 cm. In June of 1996, 5 g N/m 2 (36N-3P-7K) were applied to all planting dates. GOD were calculated using the mean-minus-base method. Using the mean-minus-base method, GDO for each day are calculated by subtracting a species specific base temperature from the daily mean temperature (Gilmore and Rogers, 1958; Pruess, 1983) . Research by Unruh et al. (1996) (Peatman, 1963) .
Analysis of variance was used to determine significant effects (P<0.05) and when significant differences were detected, means were separated using Fisher's LSD procedure. Simple linear correlation coefficients were calculated using SAS (Statistical Analysis System, Cary, N.C.). Simple linear correlation coefficients were calculated between percent buffalograss cover and buffalograss plants/m 2 and between percent buffalograss cover and percent weed cover.
RESULTS AND DISCUSSION
Results of the F-test for homogeneity of variance for both percent buffalograss and weed cover are presented in Tables 1.1 There were no significant differences between Texoka and Cody for either percent buffalograss or weed cover at both sites. In 1995 at 8 WAP the highest percent buffalograss cover was 30% at both sites, while the lowest percent weed cover was 30 and 12% for the Nebraska and Utah sites, respectively. For the three dates rated through 16 WAP in 1995, the highest percent buffalograss cover was 31% while the lowest percent weed cover was 40%.
Buffalograss date of planting research conducted by Fry et al. (1993) and Falkenberg (1982) used herbicides and manual pulling of weeds to reduce weed interference during establishment. Fry et al. (1993) reported greater than 95% buffalograss cover in one year for research conducted in 1991 and 1992 in Kansas. Falkenberg (1982) reported a maximum of 47% buffalograss cover in one season in Colorado, but limited irrigation was a factor influencing buffalograss spread. By using mowing at 6.4 cm as the only means of weed control during establishment, weed interference was high at the Nebraska and Utah sites and likely limited buffalograss cover. Data from Fry et al. (1993) and Falkenberg (1982) reveal that the use of herbicides during establishment results in acceptable buffalograss cover in one season. At the Utah site in 1996 the June planting date had the greatest percent buffalograss cover at 5 June but by 20 June there were no significant differences among the April through July planting dates. The April through July planting dates all had greater than 40% buffalograss cover on 20 June. There were no significant differences among planting dates for percent weed cover at the Utah site on 5 or 20 June. Percent weed cover in 1996 at the Utah site was 10% or less for all planting dates.
Results
There was a significant negative relationship between percent buffalograss and weed cover for the April, May, and June planting dates at the Nebraska site and for the June planting date at the Utah site in 1995 (Table 1 .9, 1.10). Standard deviations of zero for either percent buffalograss or weed cover did not allow calculation of simple linear correlation coefficients for all times at the Utah site in 1995.
For data collected on 20 June 1996 at the Nebraska site, there was a significant negative relationship between percent buffalograss and weed cover for the April, May, June, and October planting dates ( Falkenberg (1982) noted that frost heaving in buffalograss planted in September resulted in winter kill and Fry et al. (1993) contended that the August plantings had insufficient time to grow between planting and the first frost.
Frost heaving damage is a common problem for late fall seedings (McCool and Bouyoucos 1929; Brink et aI., 1967; Simpson and Moore, 1955) . McCool and Bouyoucos (1929) suggested that planting grasses early in the season lessened the risk of damage from frost heaving for several reasons.
Early planting dates allow plants more time to develop a deep and extensive root system thereby making it more difficult for the plant to be heaved out of the soil (McCool and Bouyoucos, 1929) . A deep root system also serves the plant by increasing the ability of the plant to access water even if a portion of the root system is heaved out of the soil. McCool and Bouyoucos (1929) suggested a third benefit of early planting dates is that the larger amount of topgrowth associated with early season plantings provides ground cover and insulates the soil from rapid freezing and thawing.
Analysis of percent buffalograss cover ratings from 1996 at both sites reveal the September and October plantings to be ineffective in providing acceptable levels of percent buffalograss cover early in the year following establishment ( Fry et al. (1993) speculated that the August planting date simply did not aI/ow enough time for the buffalograss to grow before the first frost. Inspection of GOD and the poor results observed at these three sites led to the conclusion that to improve the success and survival of late season buffalograss plantings at least 1000 postplanting GOD must be accumulated before cessation of buffalograss growth in the fall.
Using the hypothesis of at least 1000 post-planting GOD being required to ensure successful buffalograss establishment, the latest buffalograss seeding date was determined for Ithaca, Nebraska. Weather data from 1991-1996 at Ithaca, Nebraska was used to calculate post-planting GOD. The basal growth temperature of buffalograss, 5°C, was used as the indication of cessation of buffalograss growth. Calculating GDD back from the first time the minimum air temperature was less than 5°C, resulted in the average latest seeding date to ensure successful buffalograss establishment at Ithaca, Nebraska to be 19 July. By calculating the reciprocal of the slope, the number of accumulated post-planting GOO required for each 1% of buffalograss cover can be determined. The number of accumulated post-planting GOO required for each 10% of buffalograss cover are presented in Table 1 .14. When using mean percent buffalograss cover ratings for each date, 322 and 833 accumulated postplanting GOD are required for 10% buffalograss cover at the Nebraska and Utah sites, respectively. The large difference between the number of accumulated post-planting GOD required for each 10% of buffalograss cover at the Nebraska and Utah sites could be attributed to the high percent weed covers at the Utah site during establishment in 1995. As previously stated, there was a negative relationship between percent buffalograss and weed cover at several times in 1995 at the Utah site. Therefore, when considering the high weed pressure at the Utah site it is not unrealistic to conclude that almost 1000 accumulated postplanting GOD are required for 10% buffalograss cover.
There were no significant differences between Texoka and Cody percent buffalograss covers at either site in 1995 or 1996. However, Cody had higher R 2 values for the regression of percent buffalograss cover on accumulated postplanting GOD than Texoka at both sites. By calculating the reciprocal of the slope the number of accumulated post-planting GOD required for 10% buffalograss cover was found to be different for Texoka and Cody This research also hypothesized that to ensure adequate coverage and survival of late summer buffalograss seedings at least 1000 post-planting GDD need to be accumulated before cessation of buffalograss growth in the fall. The plantings in this research that did not accumulate at least 1000 post-planting GOD suffered winter kill or had inadequate buffalograss cover the year after establishment.
Weed interference during buffalograss establishment is consistently citea as a major factor limiting successful cover of an area in one season (Falkenberg-Borland and Butler, 1982; Fry, 1995; Harivandi and Wu, 1995) .
Significant negative correlation between percent buffalograss and weed cover was reported at both the Nebraska and Utah sites for several planting dates in both 1995 and 1996. The data from this research reinforce the contention that weed interference is the number one factor restricting buffalograss establishment.
